Introduction {#S0001}
============

Nasopharyngeal carcinoma (NPC), one of the head and neck cancers, is a malignancy that is the most prevalent epithelial cancer in adults and mainly occurs in Asian and Northern Africa.[@CIT0001] According to statistics in 2018, the 5 years survival rate of NPC was less than 70%.[@CIT0002] Nowadays, Radiation therapy is the main strategy for the therapy of NPC patients, whereas radio-resistance decreases the treatment effect.[@CIT0003] Therefore, it is essential to explore the mechanism of NPC development for the therapy of NPC patients.

In recent years, non-coding RNAs, including long non-coding RNAs (lncRNAs), microRNAs (miRNAs), and circular RNAs (circRNAs), were discovered.[@CIT0004],[@CIT0005] LncRNAs and miRNAs were reported to exert function and considered as the biomarkers in NPC.[@CIT0006]--[@CIT0009] Compared with them, the functional mechanism of circRNAs was less studied. Present studies suggested that circRNAs, with a circular configuration, were involved in the translation regulation of genes and the development of human cancers.[@CIT0010]--[@CIT0012] CircRNA ZNF609 (circ-ZNF609) was identified as a circRNA that located at chr15:64791491-64792365. Accumulating evidence indicated that circ-ZNF609 was a positive regulator for cancer development. For example, Wu et al demonstrated that circ-ZNF609 enhanced colorectal cancer cell motility via regulating miR-150/Gli1 axis.[@CIT0013] Wang et al indicated that circ-ZNF609 promoted cell proliferation and invasion through regulation of miR-145-5p and p70S6K1 in breast cells.[@CIT0014] Furthermore, circ-ZNF609 expression was increased and circ-ZNF609 accelerated cell growth through modulating miR-150-5p in NPC cells.[@CIT0015] Therefore, circ-ZNF609 plays a pivotal role in human cancers containing NPC. The study of ZNF609 function is needed for the treatment of NPC.

MicroRNAs (miRNAs), identified as the small non-coding RNAs, consist of approximately 20 nucleotides and play crucial roles in human diseases through modulating gene translation and mRNA degradation.[@CIT0016] In the past few decades, amounting reporters confirmed that miRNAs exerted function in various types of cancer cell progression, including proliferation, invasion, apoptosis, and autophagy.[@CIT0017]--[@CIT0019] Besides, it is reported that miRNAs are related to drug resistance.[@CIT0020] According to the prediction, estimated 60% of genes are regulated by miRNAs in mammals.[@CIT0021] MiR-188, an endogenous miRNA, was first reported in 2013.[@CIT0022] This paper indicated that miR-188 regulated synaptic transmission and plasticity as well as its expression was increased under the induction of long-term potentiation condition. Thereafter, miR-188 was reported to modulate cell senescence in bone marrow and suppress the proliferation and cell cycle in glioma.[@CIT0023],[@CIT0024] Also, miR-188 played an important function in NPC. For example, Wu et al suggested that miR-188 inhibited G1/S transition through regulating cyclin/CDK axis in NPC cells.[@CIT0025] However, the study of miR-188 in NPC is rare. Therefore, it is necessary to explore the functional mechanism of miR-188 in NPC.

E74-like factor 2 (ELF2), identified as a transcription factor, is reported to regulate gene expression through associating with RUNX1.[@CIT0026] Previous evidence demonstrated that the genes interacted with ELF2 was related to lymphocyte function.[@CIT0027] Besides, ELF1 and ELF4, two members of ELF subfamily, are reported to mediate T cell growth-related genes and exert function in natural killer cells.[@CIT0028]--[@CIT0030] Nowadays, increasing studies of ELF2 function were carried out, and confirmed that ELF2 was involved in cancer development. Zhang et al revealed that ELF2 promoted the proliferation of osteosarcoma cells.[@CIT0031] Jin et al suggested that ELF2 was considered as a potential target for the prognosis of non-small cell lung cancer.[@CIT0032] Besides, ELF2 was highly expressed in NPC tissues and ELF2 upregulation promoted the proliferation of NPC cells.[@CIT0033] However, the functional mechanism of ELF2 is rarely studied in NPC.

Here, we detected the levels of circ-ZNF609, miR-188, and ELF2, and analyzed circ-ZNF609 function through downregulating circ-ZNF609 expression in NPC. Furthermore, the function of miR-188 and ELF2 in circ-ZNF609-regulated NPC cell progression was explored.

Materials and Methods {#S0002}
=====================

Tissue Samples and Cell Culture {#S0002-S2001}
-------------------------------

50 NPC tissues and 50 corresponding normal paracancerous tissues were obtained from NPC patients subjected to surgical resection at Zhengzhou Central Hospital Affiliated to Zhengzhou University, and then frozen in liquid nitrogen for further experiment. This study was approved by the Ethics committee of Zhengzhou Central Hospital Affiliated to Zhengzhou University. All patients signed informed consent and did not receive any therapy before this assay.

Normal cells (NP69, JN-3146) and NPC cells (C666-1, JN-E1537 and 5-8F, JN-3176) were provided by Jining Shiye (Shanghai, China). C666-1 and 5-8F cells were maintained in RPMI-1640 medium (Gibco, Gaithersburg, MD, USA, A1049101) containing 10% fetal bovine serum (FBS; Gibco, 10099141) while NP69 cells were cultured in serum-free medium Keratinocyte-SFM (Gibco, 10744019) at 37°C under 5% CO~2~ condition.

Plasmid and Transfection {#S0002-S2002}
------------------------

Si-circ-ZNF609 and negative control (si-con) were obtained from Ribobio (Guangzhou, China). For overexpression of circ-ZNF609 and ELF2, their sequences were, respectively, amplified and cloned into the pcDNA3.1 (+) CircRNA Mini and pcDNA3.1 plasmid (V79020) from Invitrogen (Carlsbad, CA, USA). MiR-188 mimics and miRNA inhibitors (in-miR-188) were synthesized and purified by GenePharma (Shanghai, China).

Cell transfection assay in this study was carried out using Lipofectamine 2000 (Invitrogen, 11668019) based on the user's manual.

RNA Extraction and Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
-----------------------------------------------------------------------------

Total RNA was obtained using TRIzol (Invitrogen, 15596018) based on the user's manual and then used to synthesize cDNA using SuperScript II first-strand synthesis system (Invitrogen, 11904018). QRT-PCR was carried out using SYBR Green qPCR Master Mix (Takara, Dalian, China, RR820L/W). Gene expression was normalized against U6 or glyceraldehyde 3-phosphate dehydrogenase (GAPDH). 2^−ΔΔCT^ method was applied for the analysis of gene expression. Primers for miR-188 (\#A25576) were acquired from Applied Biosystems (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The primer sequences against circ-ZNF609, ELF2, U6 and GAPDH were: circ-ZNF609 forward (F), 5ʹ-CAGCGCTCAATCCTTTGGGA-3ʹ and reverse (R), 5ʹ-GACCTGCCACATTGGTCAGTA-3ʹ; ELF2 F, 5ʹ-GAGTGCGTGAGTGTGTGTCG-3ʹ and R, 5ʹ-TGAACTGATGCTTCCACGGC-3ʹ; U6 F, 5ʹ-TGCGGGTGCTCGCTTCGGCAGC-3ʹ and R, 5ʹ-CCAGTGCAGGGTCCGAGGT-3ʹ; GAPDH F, 5ʹ-CATGAGAAGTATGACAACAGCCT-3ʹ and R, 5ʹ-AGTCCTTCCACGATACCAAAGT-3ʹ.

Cell Proliferation Assay {#S0002-S2004}
------------------------

In this research, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay was conducted to assess cell proliferation in line with the recommended protocol (Invitrogen, M6494). Briefly, 5-8F and C666-1 cells were transfected with vectors and incubated for 0 h, 24 h, 48 h or 72 h, respectively. Subsequently, the cells were treated with 20 µL MTT solution for 4 h first, and then the supernatant was removed. Next, 100 µL dimethyl sulfoxide was added to dissolve products. Finally, a microplate reader (Bio-Rad, Richmond, CA, USA, 168－1000XC) was used to measure the absorbance under 490 nm condition.

Cell Apoptosis Assay {#S0002-S2005}
--------------------

The apoptosis rate of 5-8F and C666-1 cells was analyzed with propidium iodide (PI)/Annexin V Cell Apoptosis Kit (Invitrogen, V13245) in this assay based on the user's manual. In brief, 5-8F and C666-1 cells were transfected with vectors and then cultured for 48 h. Next, FITC-Annexin V and PI were applied to stain cells. Finally, cell apoptosis rate was examined by flow cytometry (FACSCantoII, 338960; BD Biosciences, San Jose, CA, USA).

The Dual Luciferase Reporter Assay {#S0002-S2006}
----------------------------------

Firstly, circ-ZNF609-WT/MUT and ELF2-WT/MUT were constructed via cloning their sequence into pGL3 vector (Promega, Madison, WI, USA, E1751). Then, every construction was co-transfected into 5-8F and C666-1 cells with miR-188 or miR-con. Finally, luciferase density was examined by the Dual Luciferase Reporter Assay System (Promega, E1910).

RNA Immunoprecipitation (RIP) Assay {#S0002-S2007}
-----------------------------------

RIP assay in this research was carried out with Magna RNA immunoprecipitation kit (Millipore, Billerica, MA, USA, 17-700) according to the user's protocol. Briefly, 5-8F and C666-1 cells were cultured for 48 h, and lysed by RIP buffer containing magnetic beads conjugated with Ago2 or IgG antibody. Then, TRIzol reagent was used to collect immunoprecipitated RNAs and enrichment of circ-ZNF609 or ELF2 was analyzed using qRT-PCR assay.

Western Blot Assay {#S0002-S2008}
------------------

Briefly, NPC cells were collected and then lysed using lysis buffer for extraction of total proteins. Next, the proteins were separated on dodecyl sulfate, sodium salt-Polyacrylamide gel electrophoresis (SDS-PAGE, 10%), transferred to PVDF members (Millipore, IPVH00010), and incubated using primary antibodies (1:1000; Abcam, Cambridge, MA, USA) against ELF2 (ab225958) and β-actin (ab8227). Finally, the proteins were incubated with the second antibodies (Abcam, ab205718) and analyzed by the ECL plus Kit (Beyotime, Haimen, China, P0018S).

Statistical Analysis {#S0002-S2009}
--------------------

Student's *t*-test or one-way ANOVA was performed for the analysis of significant difference (P\< 0.05). Data were represented as the means ± standard deviation (SD) and obtained under at least three independent biological reduplications condition.

Results {#S0003}
=======

Circ-ZNF609 Expression Was Increased in NPC Tissues and Cells {#S0003-S2001}
-------------------------------------------------------------

Firstly, we detected the expression level of circ-ZNF609 in NPC tissues and normal tissues, and found that circ-ZNF609 expression was higher in NPC tissues than that in normal tissues ([Figure 1A](#F0001){ref-type="fig"}). Then, circ-ZNF609 level in NPC cells (C666-1 and 5-8F) and normal cells (NP69) was also analyzed. As shown in [Figure 1B](#F0001){ref-type="fig"}, circ-ZNF609 level was significantly upregulated in NPC cells. Therefore, circ-ZNF609 might play an important role in NPC development.Figure 1Circ-ZNF609 was downregulated in NPC tissues and cells. (**A** and **B**) Circ-ZNF609 expression was detected by qRT-PCR assay in NPC tissues and normal tissues (**A**) as well as NPC cells (C666-1 and 5-8F) and normal cells (NP69) (**B**). \*\*\**P*\<0.001.

Circ-ZNF609 Knockdown Suppressed Cell Proliferation and Cycle, and Induced Apoptosis in NPC Cells {#S0003-S2002}
-------------------------------------------------------------------------------------------------

To investigate the function of circ-ZNF609 in NPC cells, the effect of circ-ZNF609 knockdown on NPC cell growth was explored. Firstly, C666-1 and 5-8F cells were transfected with si-con or si-circ-ZNF609. QRT-PCR analysis suggested that the transfection of si-circ-ZNF609 remarkably downregulated circ-ZNF609 level ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). Then, MTT assay was performed to assess cell proliferation. The results suggested that circ-ZNF609 depletion dramatically suppressed cell proliferation ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Next, we analyzed the percentage of cells in different cycle stages, including G0-G1, S, and G2-M. As indicated in [Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}, circ-ZNF609 knockdown inhibited cell cycle transition from G0-G1 stage to S stage in C666-1 and 5-8F cells. Besides, increased cell apoptosis was observed in circ-ZNF609-depleted NPC cells ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). These results indicated that the downregulation of circ-ZNF609 repressed cell proliferation and cycle, and accelerated apoptosis in NPC cells.Figure 2The downregulation of circ-ZNF609 repressed NPC cell growth. (**A** and **B**) QRT-PCR assay was performed to examine circ-ZNF609 expression in C666-1 (**A**) and 5-8F (**B**) cells transfected with si-con or si-circ-ZNF609. (**C** and **D**) MTT assay was carried out to assess cell proliferation in C666-1 (**C**) and 5-8F cells (**D**). (**E** and **F**) Cell numbers in G0-G1, S, or G2-M were analyzed using flow cytometry in C666-1 (**E**) and 5-8F (**F**) cells. (**G** and **H**) Flow cytometry analysis was used to determine cell apoptosis rate in C666-1 (**G**) and 5-8F (**H**) cells. \*\**P*\<0.01 and \*\*\**P*\<0.001.

Circ-ZNF609 Served as a Sponge for miR-188 {#S0003-S2003}
------------------------------------------

Next, we predicted the potential target genes of circ-ZNF609 using bioinformatics analysis tool starbase, and found that miR-188 likely interacted with circ-ZNF609 ([Figure 3A](#F0003){ref-type="fig"}). Then, the dual luciferase reporter assay was performed to confirm this possibility. As demonstrated in [Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}, miR-188 significantly reduced luciferase activity of cells transfected with circ-ZNF609-WT, but not circ-ZNF609-MUT, revealing that circ-ZNF609 directly bound to miR-188. Meanwhile, this interaction was also confirmed by RIP assay in NPC cells ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). Moreover, we found that miR-188 expression was decreased in NPC cells ([Figure 3F](#F0003){ref-type="fig"}). Finally, the effect of circ-ZNF609 on miR-188 expression was investigated. The results demonstrated that circ-ZNF609 overexpression downregulated miR-188 expression, whereas circ-ZNF609 knockdown strongly increased miR-188 level in C666-1 and 5-8F cells ([Figure 3G](#F0003){ref-type="fig"} and [H](#F0003){ref-type="fig"}). Thus, circ-ZNF609 directly downregulated miR-188 expression in NPC cells.Figure 3Circ-ZNF609 sponged miR-188. (**A**) The binding position of miR-188 in circ-ZNF609 was predicted by starbase. Red color represented the mutated position. (**B** and **C**) Luciferase activity was determined in C666-1 (**B**) and 5-8F (**C**) cells transfected with circ-ZNF609-WT or circ-ZNF609-MUT and miR-188 or miR-con. (**D** and **E**) RIP assay was performed to verify the interaction between circ-ZNF609 and miR-188 in C666-1 (**D**) and 5-8F (**E**) cells. (**F**) MiR-188 expression was measured by qRT-PCR assay in NPC cells and normal cells. (**G** and **H**) MiR-188 expression was detected in C666-1 (**G**) and 5-8F (**H**) cells transfected with pcDNA3.1(+) CircRNA Mini, circ-ZNF609, si-con, or si-circ-ZNF609, respectively. \*\**P*\<0.01 and \*\*\**P*\<0.001.

MiR-188 Knockdown Reversed the Effect of circ-ZNF609 Depletion on NPC Cell Growth {#S0003-S2004}
---------------------------------------------------------------------------------

Based on the above results, it was speculated that circ-ZNF609 knockdown inhibited NPC cell growth via regulating miR-188 expression. To confirm this hypothesis, C666-1 and 5-8F cells were transfected with si-con, si-circ-ZNF609, si-circ-ZNF609+ in-miR-con, or si-circ-ZNF609+ in-miR-188, respectively. QRT-PCR analysis suggested that miR-188 expression was upregulated by the transfection of si-circ-ZNF609, and then downregulated by the transfection of in-miR-188 ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). Next, cell proliferation in these cells was assessed. As shown in [Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}, cell proliferation was suppressed by circ-ZNF609 knockdown, whereas this change was weakened by decreased miR-188 expression. In addition, the inhibitory effect of miR-188 depletion on circ-ZNF609 knockdown-regulated cell cycle transition was observed in NPC cells ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). Furthermore, we analyzed cell apoptosis rate, and found that miR-188 knockdown reversed the effect of circ-ZNF609 depletion on NPC cell apoptosis ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}). These data demonstrated that circ-ZNF609 regulated cell development through modulating miR-188 expression.Figure 4Circ-ZNF609 mediated miR-188 to modulate NPC cell growth. (**A** and **B**) MiR-188 expression was determined in C666-1 (**A**) and 5-8F (**B**) cells transfected with si-con, si-circ-ZNF609, si-circ-ZNF609+ in-miR-con, or si-circ-ZNF609+ in-miR-188, respectively. (**C** and **D**) MTT assay was conducted to assess cell proliferation in C666-1 (**C**) and 5-8F cells (**D**). (**E** and **F**) Cell numbers in G0-G1, S, or G2-M were analyzed in C666-1 (**E**) and 5-8F (**F**) cells. (**G** and **H**) Cell apoptosis rate was calculated using flow cytometry analysis in C666-1 (**G**) and 5-8F (**H**) cells. \*\**P*\<0.01 and \*\*\**P*\<0.001.

ELF2 Was a Target Gene of miR-188 {#S0003-S2005}
---------------------------------

Bioinformatics analysis website microT-CDS predicted that ELF2 was a potential target of miR-188 ([Figure 5A](#F0005){ref-type="fig"}). To verify this prediction, the dual luciferase reporter assay was carried out. The data demonstrated that the cells co-transfected with miR-188 and ELF2-WT exhibited lower luciferase activity than the cells co-transfected with miR-188 and ELF2-MUT ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}), confirming the interaction between miR-188 and ELF2. Also, this interaction was also verified by RIP assay in NPC cells ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). In addition, increased ELF2 level was observed in NPC cells ([Figure 5F](#F0005){ref-type="fig"}). Besides, whether miR-188 modulated ELF2 expression was analyzed in NPC cells. As shown in [Figure 5G](#F0005){ref-type="fig"} and [H](#F0005){ref-type="fig"}, miR-188 upregulation significantly decreased ELF2 level, and miR-188 knockdown dramatically increased ELF2 level in C666-1 and 5-8F cells. These data indicated that miR-188 negatively regulated ELF2 expression through interaction in NPC cells.Figure 5MiR-188 regulated ELF2 expression through binding to its 3ʹ UTRs. (**A**) The binding position of miR-188 in ELF2 was predicted by microT-CDS. Mutated sites were indicated as the red color. (**B** and **C**) Luciferase activity was determined in C666-1 (**B**) and 5-8F (**C**) cells transfected with ELF2-WT or ELF2-MUT and miR-188 or miR-con. (**D** and **E**) RIP assay was used to confirm the interaction between miR-188 and ELF2 in C666-1 (**D**) and 5-8F (**E**) cells. (**F**) The ELF2 mRNA was evaluated by qRT-PCR assay in NPC cells and normal cells. (**G** and **H**) The ELF2 protein level was detected in C666-1 (**G**) and 5-8F (**H**) cells transfected with miR-con, miR-188, in- miR-con or in-miR-188, respectively. \*\**P*\<0.01 and \*\*\**P*\<0.001.

MiR-188 Repressed Cell Growth Through Regulating ELF2 Expression in NPC Cells {#S0003-S2006}
-----------------------------------------------------------------------------

To investigate whether miR-188 regulated ELF2 expression to repress NPC cell growth, C666-1 and 5-8F cells were transfected with miR-con, miR-188, miR-188 + pcDNA3.1(+), or miR-188 + ELF2, respectively. Then, qRT-PCR assay was performed to detect the expression level of ELF2. As indicated in [Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}, miR-188 overexpression significantly decreased ELF2 level, and then ELF2 level was partly rescued by overexpressing ELF2. Next, the effect of ELF2 on miR-188-mediated cell proliferation was analyzed. From [Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}, the upregulation of ELF2 induced cell proliferation suppressed by miR-188 overexpression. Also, we confirmed that miR-188 overexpression repressed cell transition, whereas this action was reversed by increased ELF2 level in NPC cells ([Figure 6E](#F0006){ref-type="fig"} and [F](#F0006){ref-type="fig"}). Besides, that ELF2 upregulation weakened the effect of miR-188 overexpression on cell apoptosis rate was observed in C666-1 and 5-8F cells ([Figure 6G](#F0006){ref-type="fig"} and [H](#F0006){ref-type="fig"}). Taken together, miR-188 inhibited cell growth by modulation of ELF2 level in NPC cells.Figure 6MiR-188 suppressed NPC cell growth via regulation of ELF2. (**A** and **B**) The ELF2 protein level was detected in C666-1 (**A**) and 5-8F (**B**) cells transfected with miR-con, miR-188, miR-188 + pcDNA3.1(+), or miR-188 + ELF2, respectively. (**C** and **D**) Cell proliferation was assessed using MTT assay in C666-1 (**C**) and 5-8F cells (**D**). (**E** and **F**) Cell numbers in G0-G1, S, or G2-M were analyzed in C666-1 (**E**) and 5-8F (**F**) cells. (**G** and **H**) Flow cytometry analysis was conducted to analyze cell apoptosis rate in C666-1 (**G**) and 5-8F (**H**) cells. \**P*\<0.05, \*\**P*\<0.01 and \*\*\**P*\<0.001.

Circ-ZNF609 Mediated miR-188 Expression to Modulate ELF2 Level {#S0003-S2007}
--------------------------------------------------------------

Finally, we supposed that circ-ZNF609 regulated miR-188 expression to affect ELF2 level. To verify this speculation, C666-1 cells were transfected with pcDNA3.1(+) CircRNA Mini, circ-ZNF609, circ-ZNF609 + miR-con, or circ-ZNF609 + miR-188, respectively, and the levels of miR-188 and ELF2 were detected. As demonstrated in [Figure 7A](#F0007){ref-type="fig"} and [C](#F0007){ref-type="fig"}, the transfection of circ-ZNF609 decreased miR-188 level and increased ELF2 level, as well as the transfection of miR-188 partly rescued miR-188 level and reduced ELF2 level. Meanwhile, this speculation was also confirmed by transfecting si-con, si-circ-ZNF609, si-circ-ZNF609+ in-miR-con, or si-circ-ZNF609 + in-miR-188 into 5-8F cells, respectively ([Figure 7B](#F0007){ref-type="fig"} and [D](#F0007){ref-type="fig"}). Therefore, circ-ZNF609 downregulated miR-188 expression to increase ELF2 level.Figure 7Circ-ZNF609 regulated ELF2 by modulating miR-188. (**A** and **C**) MiR-188 expression and ELF2 protein level were detected in C666-1 cells transfected with pcDNA3.1(+) CircRNA Mini, circ-ZNF609, circ-ZNF609+ miR-con, or circ-ZNF609 + miR-188, respectively. (**B** and **D**) MiR-188 expression and ELF2 protein level were determined in 5-8F cells transfected with si-con, si-circ-ZNF609, si-circ-ZNF609+ in-miR-con, or si-circ-ZNF609+ in-miR-188, respectively. \*\**P*\<0.01 and \*\*\**P*\<0.001.

Discussion {#S0004}
==========

In recent years, circRNA/miRNA/mRNA signaling pathways have been reported to involve the development of human cancers.[@CIT0034],[@CIT0035] However, the detailed molecular mechanisms are implicated. Here, we suggested that circ-ZNF609 and ELF2 expression was increased and miR-188 expression was decreased in NPC. In addition, circ-ZNF609 knockdown suppressed cell proliferation and cell cycle transition, as well as induced apoptosis in NPC cells. Furthermore, circ-ZNF609 regulated NPC cell growth by modulating miR-188/ELF2axis. These findings provide potential targets for the treatment of NPC patients.

Nowadays, circRNAs are studied as a group of emerging objects in human cancers. For example, circRNA 100269 was lowly expressed and inhibited the proliferation by binding to miR-630 in gastric cancer cells.[@CIT0036] CircRNA0058124 induced cell invasion and tumorigenesis in papillary thyroid cancer.[@CIT0037] CircRNA 0001730 positively regulated cell proliferation and invasion via affecting miR-326 and Wnt7B in glioma.[@CIT0038] In this research, we suggested that circ-ZNF609 expression was significantly increased in NPC tissues and cells, and circ-ZNF609 depletion repressed the proliferation and cell cycle, as well as accelerated apoptosis of NPC cells. These results were consistent with the previous reporter that demonstrated that circ-ZNF609 was upregulated and promoted cell growth in NPC.[@CIT0015] Moreover, circ-ZNF609 was reported as a positive regulator in other human cancers, including rhabdomyosarcoma,[@CIT0039] renal carcinoma,[@CIT0040] and breast cancer.[@CIT0014] Therefore, circ-ZNF609 is important for NPC development.

Present evidence demonstrate that circular RNA is identified as a miRNA sponge to regulate activities of miRNAs.[@CIT0041] For example, circRNA ciRS-7 downregulated miR-7 expression through interaction.[@CIT0042] Then, we used starbase to predict the potential targets of circ-ZNF609, and found that miR-188 likely interacted with circ-ZNF609. Subsequently, this interaction was verified by the dual luciferase activity assay and RIP assay. Meanwhile, we demonstrated that circ-ZNF609 downregulated miR-188 expression in NPC cells. As a miRNA, miR-188 was reported to exert function in many types of cancer, such as colorectal cancer,[@CIT0043] oral squamous cell carcinoma,[@CIT0044] gastric cancer,[@CIT0045] and breast cancer.[@CIT0046] Besides, miR-188 acted as a regulator to repress proliferation, cycle transition, and colony formation of NPC cells.[@CIT0025] Agreement with this result, our data revealed that miR-188 repressed cell growth in NPC. Furthermore, circ-ZNF609 knockdown negatively regulated NPC cell growth through upregulating miR-188 expression. Although we confirmed the inhibitory function of miR-188 in NPC cells, more studies are needed for the understanding of miR-188 mechanism.

In human cancers, miRNAs are considered as mRNA sponges to mediate gene expression by binding to 3ʹ untranslated region (UTR) of downstream genes.[@CIT0047] Using website microT-CDS, we found that ELF2likely bound to miR-188, and then confirmed this interaction using the dual luciferase reporter assay and RIP assay. Moreover, the negative effect of miR-188 on ELF2 expression was observed in NPC cells in this assay. As a transcription, ELF2 may play a crucial role in cell development. However, the studies of ELF2 in human cancers containing NPC are less. But a paper reported that ELF2 expression was increased and ELF2 promoted cell proliferation in NPC in 2017.[@CIT0033] Accordance with these data, ELF2 level was upregulated in NPC cells in our assay and ELF2 positively regulated cell proliferation and cell cycle transition, and inhibited apoptosis. Moreover, miR-188 inhibited cell growth through modulating ELF2 expression. Besides, we confirmed that circ-ZNF609 downregulated miR-188 expression to increase ELF2 level in NPC cells.

In conclusion, we demonstrated that circ-ZNF609 regulated NPC cell progression via modulating miR-188/ELF2 axis, providing a theoretical basis for the treatment of NPC.
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